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METHOD OF FORMING A CATALYST 
LAYER ON THE BARRIER LAYER OF A 
CONDUCTIVE INTERCONNECT OF A 

SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

The present invention relates generally to semiconductor 
devices such as integrated circuits, and more particularly to a 
method of forming a conductive interconnect structure for an 
integrated circuit. 

BACKGROUND OF THE INVENTION 

The semiconductor industry has moved to using copper in 
various aspects of semiconductor devices due to certain 
advantages of copper over other metals. One advantage is that 
copper has a loWer resistivity than aluminum, for instance. As 
a result, copper circuitry suffers less from resistance-capaci 
tance (RC) delays. This makes copper systems faster. Further, 
copper has increased resistance to electromigration, thereby 
enabling smaller scaling of semiconductor devices. HoWever, 
With increased use, certain problems particular to copper have 
become more prevalent. One such problem is that copper has 
a high diffusivity through dielectric and silicon materials on 
Which the copper is deposited. This is especially the case for 
so-called loW-K dielectric materials, Which are coming into 
increasingly common usage. This is problematic because the 
presence of copper in these materials may be deleterious to 
these materials and lead to semiconductor device failure. 

In conventional methodologies, a barrier material is typi 
cally deposited on the dielectric material betWeen the copper 
layer and the dielectric (or silicon) material, thereby prevent 
ing the copper from diffusing into the dielectric or silicon 
material. Typically, tantalum (Ta) or titanium (Ti) based bar 
rier materials (e.g., tantalum nitrides (TaN), tantalum silicon 
nitrides (TaSiN), or titanium nitrides (TiN)) are used as bar 
rier layers for copper. Techniques such as atomic layer depo 
sition (ALD) are often used to form the barrier layer. One 
problem With prior uses of tantalum nitride and other barrier 
layers, hoWever, is that these barrier layers are poor Wetting 
agents for the deposition of copper thereon Which may cause 
numerous problems. For example, during deposition of a 
copper seed layer over these barrier layers, the seed layer may 
agglomerate and become discontinuous, Which may prevent 
uniform deposition of a copper conductive material layer. 
Instead of a seed layer, a catalytic layer may be formed on the 
barrier layer so that an electroless plating process may be 
employed to form the copper layer. Similar to the copper seed 
layer, the catalytic layer may form discontinuously on the 
barrier layer, leading to formation of a less than satisfactory 
copper conductive layer. Thus, there is a need for an improved 
interconnect structure and method of depositing the intercon 
nect structure. 

SUMMARY OF THE INVENTION 

In accordance With the present invention, a method is pro 
vided for depositing a conductive material in a sub-micron 
recessed feature formed on a substrate. The method begins by 
depositing a barrier layer over a dielectric layer disposed on 
the substrate While under a vacuum of the type found in a 
vacuum chamber. A catalytic layer is deposited over the bar 
rier layer Without breaking the vacuum. A conductive mate 
rial layer is deposited over the catalytic layer by electroless 
deposition. 
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2 
In accordance With one aspect of the invention, the barrier 

layer comprises an element or compound selected from the 
group consisting of tantalum (Ta), tantalum nitride (TaNx), 
titanium (Ti), titanium nitride (TiNx), tungsten (W), tungsten 
nitride (WNX), and combinations thereof. 

In accordance With another aspect of the invention, the 
barrier layer comprises tantalum (Ta). 

In accordance With another aspect of the invention, the 
catalytic layer comprises an element selected from the group 
consisting of Pd, Pt, Ru, Rh, Au, Ag, Co, and Ni. 

In accordance With another aspect of the invention, the 
catalytic layer comprises Pd. 

In accordance With another aspect of the invention, the 
catalytic layer comprises Ru. 

In accordance With another aspect of the invention, the 
barrier layer is deposited by physical vapor deposition. 

In accordance With another aspect of the invention, the 
barrier layer is deposited by physical vapor deposition. 

In accordance With another aspect of the invention, the 
catalytic layer is deposited by atomic layer deposition. 

In accordance With another aspect of the invention, the 
catalytic layer is deposited by atomic layer deposition. 

In accordance With another aspect of the invention, the 
conductive material layer comprises Cu. 

In accordance With another aspect of the invention, the 
depositing steps are performed in accordance With a dual 
damascene process. 

In accordance With another aspect of the invention, the 
recessed feature comprises a dual damascene interconnect 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a schematic cross-sectional vieW of one 
embodiment of a substrate structure formed in accordance 
With the principles of the present invention. 

FIG. 2 shoWs a schematic cross-sectional vieW of a sub 
strate structure in Which the Pd catalyst layer is formed by 
physical vapor deposition (PVD). 

FIG. 3 is a schematic top-vieW diagram of one example of 
a multi-chamber processing system that may be used to pro 
duce the structure depicted in FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a schematic cross-sectional vieW of a sub 
strate structure 100 formed on a substrate 114. The substrate 
114 refers to any Workpiece upon Which ?lm processing is 
performed. For example, the substrate 114 may be a silicon 
semiconductor Wafer, or other material layer, Which has been 
formed on the Wafer. A dielectric layer 112 is deposited over 
the substrate. The dielectric layer 112 may be an oxide, a 
silicon oxide, carbon-silicon-oxide, a ?uoro-silicon, a porous 
dielectric, or other suitable dielectric. The dielectric layer 112 
is patterned to provide a recessed feature 116, such as a via, 
trench, contact hole, or line extending to an exposed surface 
portion of the substrate 114. It is also understood by those 
With skill in the art that the present invention may be used in 
a dual damascene process How. 
A barrier layer 120 is formed over the substrate structure 

100 and a catalytic layer 124 is formed over the barrier layer 
120. The remainder of the recessed feature 116 is ?lled With 
a conductive material layer 126. The conductive material 
layer 126, typically copper, is deposited by electroless depo 
sition. 
The barrier layer 120 is deposited to prevent or inhibit 

diffusion of subsequently deposited materials over the barrier 
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layer into the underlying substrate or dielectric layers. 
Examples of barrier layer materials include refractory metals 
and refractory metal nitrides such as tantalum (Ta), tantalum 
nitride (TaNx), titanium (Ti), titanium nitride (TiNx), tungsten 
(W), tungsten nitride (WNX), and combinations thereof. 
Other examples of barrier layer materials include doped sili 
con, aluminum, aluminum oxides, titanium silicon nitride, 
tungsten silicon nitride, and combinations thereof. The bar 
rier layer 120 may be deposited by chemical vapor deposition 
(CVD), physical vapor deposition (PVD), electroless depo 
sition techniques, sputtering, or atomic layer deposition 
(ALD). The barrier layer 120 may also be a multi-layered ?lm 
deposited individually or sequentially by the same or by a 
combination of techniques. Barrier thicknesses of l 0 to 50 nm 
are typical. 

In order to deposit the conductive material layer 126 by 
electroless metal plating, catalytic layer 124 is required. Elec 
troless metal plating is an autocatalytic (non-electrolytic) 
method of deposition from solution. The electrons required 
for the metal reduction are supplied by the simultaneous 
oxidation of a reducing agent on the catalytic surface and 
reduction of metal ions. Plating is initiated on a catalyZed 
surface and is sustained by the catalytic nature of the plated 
metal surface itself. Electroless deposition typically involves 
exposing a substrate to a solution by immersing the substrate 
in a bath or by spraying the solution over the substrate. 

With respect to the catalyZation of an electroless Cu depo 
sition, this reaction takes place on a layer Which has the 
catalytic properties to invoke the initial oxidation reaction of 
the reducing agent. Pd, Pt, Ru, Rh, Au, Ag, Co, and Ni are 
catalytic surfaces for oxidation of a reducing agent. In the 
illustrative embodiments described herein, Pd is used as the 
catalytic layer. Pd can be deposited on the barrier layer 120 by 
a variety of techniques, including CVD, PVD, sputtering, ion 
cluster beam deposition and ALD. The Pd layer is preferably 
as thin as possible to minimize the overall resistance of the 
structure. Such a Pd layer is typically less than about 10 nm in 
thickness. In the illustrative embodiments described herein, 
the Pd layer is nominally 5 nm thick. 

Formation of a Pd catalyst layer on the barrier layer is 
sometimes problematic. For example, When PVD is used to 
form the Pd layer, excess Pd can accumulate at the entrance to 
the recess, narroWing the entrance and thereby hampering the 
subsequent formation of the conductive layer. This occurs 
because PVD employs a target Which is composed of the 
metal to be sputter deposited and Which is poWered by a DC 
electrical source. A magnetron is scanned about the back of 
the target and projects its magnetic ?eld into the portion of the 
reactor adjacent the target to increase the plasma density there 
to thereby increase the sputtering rate. As a result of this 
arrangement, PVD tends to sputter atoms into a Wide angular 
distribution, typically having a cosine dependence about the 
target normal. Such a Wide distribution can be disadvanta 
geous for ?lling a deep and narroW (e. g., submicron) recessed 
feature (e.g., a via) such as that illustrated in FIG. 2, in Which 
a barrier layer 120 has already been deposited. In FIGS. 1 and 
2 like reference numerals are used to denote like elements. 
The large number of off-angle sputter particles can cause 
catalytic layer 124 to preferentially deposit around the upper 
corners of the recessed feature 116 and form overhangs 128. 
Large overhangs can further restrict entry into the recessed 
feature 116 and cause inadequate coverage of the sideWalls 
and bottom of the recess 116. Also, the overhangs 128 can 
bridge the recess entrance before it is ?lled and create a void 
in the metalliZation Within the recess 116. Once a void has 
formed, it is often dif?cult to re?oW it out by heating the 
metalliZation to near its melting point. Even a small void can 
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4 
introduce reliability problems. The bridged overhangs make 
subsequent deposition of the conductive layer more di?icult. 
Another example of a problem that can arise When the Pd 

catalyst layer is formed on the barrier layer occurs When 
ioniZed cluster beam deposition is used to form the Pd layer. 
In this case the Pd layer forms in islands, providing bound 
aries With discontinuous coverage over the barrier layer. 
When copper is electrolessly deposited on such a Pd layer, the 
electroless plating process is discontinuous at its nucleation 
step, resulting in a copper interconnect that does not have the 
electromigration resistance required in modern ULSI inter 
connects. 

The present inventor has recogniZed that one of the prob 
lems that arises in conventional processes used to form the Pd 
catalytic layer is that prior to formation of the catalytic layer, 
the barrier layer on Which the catalytic layer is formed can 
readily oxidiZe. For instance, if the barrier layer is formed 
from tantalum, tantalum oxide can form on the surface of the 
barrier layer. The oxide provides a site for void nucleation, 
leading to a discontinuous catalyst surface. 

To reduce the formation of oxide, in the present invention 
the catalyst layer (e.g., Pd) is formed in the same vacuum 
system as the barrier layer Without breaking the vacuum so 
that the barrier surface is not exposed to atmospheric pres 
sure. This Will generally require formation of the barrier layer 
in one chamber by PVD, sputtering, ALD, or the like, While 
the catalyst layer is formed in a second chamber, preferably 
by a technique such as ALD. 
The atomic layer deposition (ALD) method of depositing 

thin ?lms has several attractive features including excellent 
step coverage and a dense and pinhole-free structure. There 
fore, it is of great interest to apply ALD to the deposition of 
metalliZation layers of advanced integrated circuits (ICs), 
Where the continuously increasing packing density and aspect 
ratio set higher and higher demands upon the metalliZation 
layers. Moreover, ALD is Well suited for fabricating thin 
layers requiring precision-controlled nanoscale ?lm thick 
ness. ALD is a type of chemical vapor deposition (CVD), 
Wherein a ?lm is built up through deposition of multiple 
ultrathin layers of atomic level controllability, With the thick 
ness of the ultimate ?lm being determined by the number of 
layers deposited. The source precursor is adsorbed in a self 
limiting process on the substrate surface, folloWed by decom 
position of this precursor to form a single molecular layer of 
the desired material. Decomposition may occur through reac 
tion With an appropriately selected reagent. Thicker ?lms are 
produced through repeated groWth cycles until the target 
thickness is achieved. In anALD process, the substrate With at 
least one surface to be coated, the source precursor, and any 
reactant(s), necessary for forming a desired product or layer 
are introduced into a deposition chamber. The precursor and 
reactant(s), both of Which are typically in vapor or gaseous 
form, are pulsed sequentially into the deposition chamber 
With inert gas pulses in betWeen the precursor and reactant 
pulses, for a speci?ed, typically predetermined, short period 
of time, and alloWed to react on the substrate surface to form 
an atomic layer of the desired thickness, typically on the scale 
of an atomic monolayer. The ?lm thickness can be controlled 
to atomic layer (i.e., angstrom scale) accuracy by simply 
counting the number of deposition cycles. 

In ALD, the source chemical molecules chemisorb on the 
substrate via active sites on the substrate surface. While phy 
sisorbed precursors are only Weakly attached to the substrate, 
chemisorption results in a stronger, more desirable bond. 
Surface cleanliness is important for proper chemisorption, 
since impurities can occupy surface bonding sites. Incom 
plete chemisorption can lead to porous ?lms, incomplete step 
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coverage, poor adhesion between the deposited ?lms and the 
underlying substrate, and loW ?lm density. For this reason, the 
barrier layer on Which the catalyst layer is formed by ALD 
should have a high degree of cleanliness, Which can be best 
obtained by forming both layers in the same vacuum system. 
As those or ordinary skill in the art Will recogniZe, precur 

sor material for atomic layer deposition of Pd may be any of 
a variety of compounds such as compounds of Pd and Cl, Pd 
and Br, and various organic Pd compounds. Examples of 
suitable reactants that may be employed including PdCl2 and 
H2. 

In some embodiments of the invention Ru may be used as 
the catalyst layer material. In this case, if ALD is used, the 
precursor material may be various Ru compounds such has 
Ru(C5H5)2, for example, With reactants such as oxygen. 
Additional details concerning formation of Ru by ALD may 
be found, for example, in Us. Patent App. No. 2005/ 
01 18807. In addition to serving as the catalyst layer, Ru can in 
some cases also serve as the barrier layer, thereby eliminating 
the need for a separate barrier and catalyst layer. HoWever, in 
other cases it may be advantageous to use both a separate 
barrier layer material such as Ta and a Ru catalyst layer since 
Ta is generally a better barrier material than Ru. 

FIG. 3 is a schematic top-vieW diagram of one example of 
a multi-chamber processing system 300 that may be used to 
perform the processes disclosed herein. The particular 
embodiment of the system 300 is provided to illustrate the 
invention and should not be used to limit the scope of the 
invention. 

The system 300 generally includes a load lock chamber 
310 for the transfer of substrates into and out from the system 
300. Typically, since the system 300 is under vacuum, the load 
lock chamber 310 may “pump doWn” the substrates intro 
duced into the system 300. An automated transfer apparatus 
located in a transfer station 320 may transfer the substrates 
betWeen the load lock chamber 310 and processing chambers 
330 and 340. 

In one embodiment, the system 300 is con?gured so that 
processing chamber 330 is adapted to deposit a barrier layer. 
For example, the processing chamber 330 for depositing the 
barrier layer may be a physical vapor deposition chamber, a 
chemical vapor deposition chamber, or an atomic layer depo 
sition chamber. The system 300 may be further con?gured so 
that processing chamber 340 is adapted to deposit a catalytic 
layer. For example, the processing chamber 340 for deposit 
ing the barrier layer may be an atomic layer deposition cham 
ber, a chemical vapor deposition chamber, or a physical vapor 
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deposition chamber. In one speci?c embodiment, the process 
ing chamber 340 may be an atomic layer deposition chamber 
for the deposition of a Pd catalyst layer and the processing 
chamber 330 may be a physical vapor deposition chamber for 
the deposition of a Ta barrier layer. 
The invention claimed is: 
1. A method of depositing a conductive material in a sub 

micron recessed feature formed on a substrate, comprising: 
depositing a barrier layer over a dielectric layer disposed 

on the substrate While under a vacuum of the type found 
in a vacuum chamber; 

depositing a catalytic layer over the barrier layer Without 
breaking the vacuum; and 

depositing a conductive material layer over the catalytic 
layer by electroless deposition. 

2. The method of claim 1 Wherein the barrier layer com 
prises an element or compound selected from the group con 
sisting of tantalum (Ta), tantalum nitride (TaNx), titanium 
(Ti), titanium nitride (TiNx), tungsten (W), tungsten nitride 
(WNX), and combinations thereof. 

3. The method of claim 1 Wherein the barrier layer com 
prises tantalum (Ta). 

4. The method of claim 1 Wherein the catalytic layer com 
prises an clement selected from the group consisting of Pd, Pt, 
Ru, Rh, Au, Ag, Co, and Ni. 

5. The method of claim 1 Wherein the catalytic layer com 
prises Pd. 

6. The method of claim 1 Wherein the catalytic layer com 
prises Ru. 

7. The method of claim 1 Wherein the hairier layer is 
deposited by physical vapor deposition. 

8. The method of claim 3 Wherein the barrier layer is 
deposited by physical vapor deposition. 

9. The method of claim 1 Wherein the catalytic layer is 
deposited by atomic layer deposition. 

10. The method of claim 5 Wherein the catalytic layer is 
deposited by atomic layer deposition. 

11. The method of claim 8 Wherein the catalytic layer is 
deposited by atomic layer deposition. 

12. The method of claim 1 Wherein said conductive mate 
rial layer comprises Cu. 

13. The method of claim 1 Wherein said depositing steps 
are performed in accordance With a dual damascene process. 

14. The method of claim 1 Wherein said recessed feature 
comprises a dual damascene interconnect structure. 

* * * * * 
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